Introduction
This chapter provides an overview of multi-dimensional (MD) analysis and important findings in this area of research. This approach to the study of language variation and discourse communities is then exemplified through a case study of an MD analysis of student writing from the Michigan Corpus of Upper-level Student Papers (MICUSP), which includes four different levels of discourse community members: final-year undergraduate students, and first-, second-, and third-year graduate students. Although variation of MICUSP has been investigated according to discipline (Hardy and Römer, 2013 ) and paper type (Hardy and Friginal, 2014) , it has not been investigated according to writer level.
As described elsewhere in this volume, discourse is language in use (Brown and Yule, 1983) . There is an essential social nature of discourse, and thus a focus on groups of people who use language similarly has long been a part of language study. From the work of sociolinguists, for example, we have come to know about speech communities, groups of people with similar expectations or norms of language use.
The concept of community is especially useful when studying discourse y because the ways that languages are used are not devoid of audience or interlocutors. Instead, language is produced in and for social groups. These groups are communities -communities in which language use has regularities and expectations, accordingly students must attempt to assume status when writing, as they attempt to enter or, at least, participate in the discourse of the target community by using similar language (Bartholomae, 1986) .
Taking a cue from sociolinguists like Labov and Hymes, Swales (1990: 24-27) proposed that, unlike speech communities, we can describe groups of language users based on what they do, not simply what they are. He called these discourse communities, communities that do not pass their linguistic characteristics on to their members. Instead new users must train to become central members of these communities. Members begin in apprenticeship and develop into (or are rejected by) inner-circle members of the target groups.
Evidence of a discourse community is readily seen in academia. Genres such as curricula vitae, job talks, teaching observation forms, student recommendation letters, descriptions of teaching philosophies, and mass university-wide emails to listservs, are examples of how professors across a campus may be considered a single discourse community. On the other hand, at least in the context of the United States, professors may not be very familiar with the discourse practices of their peers outside their respective areas of study. The genres that they use for reading and research may also vary greatly. One way to explain this is that disciplines can act as discourse communities (e.g., Becher, 1989; Hyland, 2009 ).
When we think of Swales ' (1990) proposal that potential discourse community members must be trained in the practices of their target group, we can see the potential for viewing students as novice or potential members of a discourse community. Students learning to engage with a discourse community are required to navigate a wide range of registers, both as consumers and producers. As described by Lave and Wenger (1991) , these are the members on the periphery of the community. Unfortunately, students are often unaware of the differences and similarities between the situationally determined types of language use, or registers (Moran, 2012) .
In the tradition of English for Specific Academic Purposes (ESAP), one important goal is to help students acquire knowledge of target discourse communities, such as disciplines. In that vein, it is important for researchers and course designers to conduct empirical research on the qualities of the language used by central, middling and peripheral members of specific discourse communities.
One very useful way to study such discourse is through MD analysis. This procedure, pioneered by Biber (1986, 1988) , was developed under the assumption that register differences include systematic patterns of co-occurring features (Halliday, 1988) . In other words, when a person uses a specific, socially-constructed type of speech or writing (e.g. sermons, recipes, research articles, legal opinions), he or she makes numerous lexical and grammatical choices based on that type of writing (Hymes, 1984) . For example, when people write emails, they often use many first and second person pronouns and question words. These features 'go together' in a way for emails more than they do for a physics research article, which has its own co-occurring features that are not as common in emails. It is believed that these features co-occur because they work toward the same function (Biber and Conrad, 2001 ). This variation, while present in individuals, has also been shown to pattern across groups of language users, making it a particularly useful tool in discourse analysis.
The way that MD analysis works is based on factor analysis -a statistical test that takes large amounts of variables and reduces them through aggregated variable sets. These sets are found by measuring which variables
